Abstract
INTRODUCTION
The dry inter-Andean valleys (DIAVs) are part of the seasonally dry tropical forests (SDTF) that cover about 42% of the tropical land area (Miles et al. 2006) . In the Americas, SDTF are found from northwestern Mexico to northern Argentina, where they occupy the dry Andean valleys of Colombia, Ecuador, Peru and Bolivia, the dry coastal lowlands of Ecuador, Peru and Bolivia, as well as the central and southwestern Brazil (Linares-Palomino et al. 2011; Pennington et al. 2006a) .
Angiosperm families such as Fabaceae, Cactaceae and Bignoniaceae dominate the DIAVs woody flora, and most of the species are morphologically adapted to a prolonged dry season (Gentry 1995) . DIAVs are mostly dominated by shrubs that are accompanied by cacti and leguminous trees (LinaresPalomino 2006; Pennington and Ratter 2006) .
Fossils of Fabaceae (Tipuana ecuatoriana) and Anacardiaceae (Loxopterygium laplayense) found in a dry valley in southern Ecuador indicate that these forests are at least 10-12 million years old (Caetano et al. 2008) . The striking morphological similarity with modern species of Loxopterygium suggests longterm stability of dry forests (Burnham and Carranco 2004; Caetano et al. 2008) . Otherwise little is known about their vegetation history through time and space. Drought resistance and limited fire disturbances may explain how these forests persisted through the Pleistocene glaciation cycles (Hooghiemstra and Cleef 1995) .
SDTF host high numbers of endemic plant species (40-60% of endemics in the dry Mexican forests and >20% of endemics in Peruvian and Ecuadorian DIAVs) (Linares-Palomino 2006; Linares-Palomino et al. 2011; Lott and Atkinson 2006) . The high endemism has been shaped by low immigration rates (Pennington et al. 2006b ) and strong isolation resulting from mountain barriers (Särkinen et al. 2012) . In addition, endemic species can be restricted even to small areas like single valleys (Särkinen et al. 2012) , where each valley and ridge has its own group of species (Valencia et al. 2000) . At a local scale southern Ecuador host high numbers of endemic species (Borchsenius 1997; Lozano et al. 2003; Valencia et al. 2000) , possibly due to the different geology and volcanism of this area, as well as the presence of a dispersal barrier-the Paute-Girón valley. This is the northern limit of a biogeographical province covering southern Ecuador and northern Peru that has a vastly different flora and fauna compared to nearby regions (Keating 2008; Richter et al. 2009; Weigend 2004; Young et al. 2002) . It coincides with a deflection of the Andean faults, the so-called 'Huancabamba deflection' that act as a barrier to north-south dispersal on one hand and function as a dispersal route between the arid Pacific lowlands and the humid valleys on the eastern side of the Andes (Duellman 1979; Lunde and Pacheco 2003; Richter et al. 2009) . A common pattern for DIAVs endemics is the presence of monotypic and species-poor genera (LinaresPalomino 2006) .
There are no studies showing the relation of α-and β-plant-diversity with latitude in DIAVs. What is known is that these valleys are characterized by high levels of species turnover (Linares-Palomino et al. 2011) . On a local scale, in southern Ecuador, the floristic composition of the vegetation differs across the Paute-Girón valley located at 2°S. The drivers of this striking difference have been studied for a few angiosperm families (Weigend 2002 (Weigend , 2004 , but not for a whole DIAV ecosystem. Therefore, correlating α-and β-diversity with latitude can help explaining the floristic differences that are so clearly marked between northern and southern Ecuadorian dry valleys. Latitudinal correlations of α-and β-diversity at continental scales have shown negative correlations for trees in forest communities of the new world (Qian and Song 2012) . On the other hand, a study of Mexican dry forests herpetofauna showed that α-diversity is negatively correlated with latitude, while β-diversity fluctuate with latitude, due to the high number of endemic species (García et al. 2007) . A general pattern that has been found is that the dry forests of Mexico and the Brazilian Cerrado are the most species rich, possibly due to larger and better preserved areas (Pennington et al. 2009 ). This pattern coincides with Gentry's (1995) finding that Mexican sites were higher in species numbers compared to the more equatorial sites. The present study is the first to demonstrate how latitude is important for α-and β-diversity in the dry valleys at local scales.
Environmental drivers shape the physiognomy and the floristic composition of SDTF. For example, the woody life forms are facultatively deciduous in the dry season and leafy in the rainy season and hence leaf shedding is triggered by water stress (De La Barrera and Smith 2009). A mosaic of closed canopy forest and open scrublands characterizes the dry vegetation, perhaps caused by soil water availability, precipitation, temperature and soil fertility (Richter et al. 2009 ). Species composition, species diversity and plant performance is related to soil water availability in dry forests (Balvanera and Aguirre 2006; Balvanera et al. 2002; Bullock 1995; Espinosa et al. 2011; Maass et al. 2005) , and species composition changes over small distances, suggesting that these areas may have been isolated for million of years (Killeen et al. 2007; Linares-Palomino 2006) .
The Ecuadorian DIAVs represents a perfect system for studying species assembly at local scales and for understanding how environmental conditions drive species distributions. Furthermore, DIAVs are among the most threatened and least studied ecosystems on earth (Gentry 1995) and in urgent need of conservation. Little is known about species composition and occurrence of herb, shrub and tree communities and what drives their species α-and β-diversity patterns in relation to latitude. Based on fieldwork in Ecuadorean dry interAndean valleys, we seek to answer the following questions: (i) how do endemics and non-endemics differ in their species numbers, frequency and abundances? (ii) are differences in α-and β-diversity correlated with latitude? (iii) what are the major environmental drivers of spatial patterns in species composition and occurrence in DIAVs?
MATERIALS AND METHODS

Study area
The data underlying this study were collected in 63 transects in Ecuador (Fig. 1) where DIAVs are found between two parallel Andean cordilleras from 1°N-5°S and are interrupted north of the Girón-Paute valley by several low transversal ridges that connect the two cordilleras. North of the Girón-Paute valley-which runs from 2°30′S 78°27′W to 3°S 79°02′W-DIAVs occur between 1300 and 2800 m above sea level while south of this border they are found at 800-2100 m. DIAVs have a patchy distribution in Ecuador enclosed both to the east and the west by wet mountain and lowland forests. These particular settings favor the mixing of floristic elements originating from both the eastern and western lowlands. Over the past 10-15 My years, the uplift of the Andes has created climatic conditions for dry forests, partly by blocking wet winds from both the east and the west creating a Foehn effect (Brinkmann 1971) . DIAVs are found in a series of valleys separated by ravines or canyons with extremely dry vegetation. Valley bottoms and side valleys with streaming water may support lush vegetation due to high water tables and locally humid environments (Quintana 2010) . For millennia, agricultural lands have occupied the highly productive terrains in these valleys (Piperno and Dillehay 2008) , and, apart from crops, the majority of DIAVs are currently influenced by cattle and wood extraction. Furthermore, irrigation systems have been established in many places (Quintana 2010) . Today only fragments of intact DIAVs remain and these serve as refuges to a large variety of native plants, including many wild relatives of cultivated plants. The climate is highly seasonal with mean annual precipitation of usually <1600 mm and with prolonged dry seasons of >5 months. In the driest valleys, with a precipitation as low as 430 mm per year, the vegetation is a cactus scrub dominated by sparse spiny trees of mostly Vachellia macracantha (formerly Acacia macracantha) and Tara spinosa (formerly Caesalpinia spinosa) and a few species of ground herbs. In less dry valleys, with ~850 mm of annual precipitation, the vegetation is mainly a semi-deciduous forest with a closed canopy dominated by Inga insignis, Tecoma stans and Schinus molle.
Across the latitudinal gradient, the Paute-Girón valley (2°30′S) forms a conspicuous edapho-climatic transition zone. North of this valley the climate is more humid and the mountains are taller reaching altitudes of almost 6000 m. To the south, the tallest peaks do not exceed 4000 m and the two parallel cordilleras that are so obvious further north are no longer recognizable as separate mountain chains (Hall 1977) . Southern Ecuador lies on top of a thick continental crust, which combined with the lack of accreted oceanic crust to the west results in a different kind of volcanism compared to the volcanism to the north (Hall and Calle 1982; Hall and Wood 1985) . In terms of petrography (Hall and Wood 1985) , the northern rocks are andesitic and dacitic, while southern rocks are composed of rhyolitic ash flow sheets, rich in siliceous sediments dating from the late Pleistocene (Hall 1977; Hall and Calle 1982) . Volcanic activity ceased at the end of the Pliocene in these southern mountains, whereas intense volcanic activity has continued in the north during the past 2.5 million years (Hall 1977) .
Sampling and site selection
Fieldwork was carried out from January until April 2014, which corresponds to the rainy months in DIAVs. The beginning of the rains in SDTF marks the productive period in terms of growth and blooming of plants (Bullock 1995) . We established 63 transects of 5 × 100 m in areas with DIAV vegetation, and we attempted to locate them in places impacted as little as possible by human activities. We used rectangular plots because it was hard to find larger areas of well-preserved DIAVs remnants; therefore, the distance between plots depended on how easy it was to find DIAVs remnants. The transects were situated along a north-south latitudinal gradient extending 600 km along the Ecuadorean Andes ( Fig. 1) . In each transect, all mature trees (≥5 cm dbh) and shrubs (≥50 cm height) were recorded and identified to species. A plant was considered to be a tree when it had a perennial stem of at least dbh ≥5 cm, a well-defined crown of foliage and a mature height of at least 4 m. Shrubs, were defined as woody plants with several erect or prostrate perennial stems, a height <4 m and stems ≤5 cm in diameter. Seedlings of trees and shrubs were excluded. All species were collected and vouchers were deposited in the herbarium QCA of the Pontificia Universidad Católica del Ecuador. Diameters of trees were measured with a diameter tape measure or a caliper to the nearest mm for trees with stems dbh ≥5cm. The coverage of terrestrial herbs (annuals and perennials) was estimated in each 500 m 2 transect on an . In each transect, we noted: (i) topography (slope percentage, measured at three points on the transect), (ii) aspect (direction), (iii) soil texture classified according to Rowell's schema (Rowell 2014 ) (sand, lime, clay) and (iv) the presence and thickness of organic matter, was measured at the starting point of the transect, by digging a hole in the ground. The transects were established where we had recorded one or several native DIAVs species, and although we searched for the most unaltered places, they had all been exposed to human impact of different types and different strength, therefore, we decided to use a human disturbance index in order to classify the impact strength. The human disturbance index was based on the following criteria: (i) proximity to roads, (ii) proximity to agricultural fields, (iii) proximity to pasture lands, (iv) traces of the native fauna such as nests, burrows or droppings, and (v) burned or cut trees. The disturbance index was calculated as the average of the individual scores and ranged from 1 to 5 (1 for a pristine forest condition and 5 for degraded forest).
Environmental data
We used environmental data from the WorldClim data set (Hijmans et al. 2005) (http://www.worldclim.org). Records from 337 Ecuadorian climatic stations, published as an annex of the official map of Ecuadorian Vegetation (Ministerio del Ambiente 2013), were used to improve the 1 km 2 resolution of the climatic predictors. The environmental variables used for the analysis were precipitation of the wettest quarter (PWQ), precipitation of the warmest quarter (Bio18), precipitation of the driest quarter (PDQ), maximum temperature of the warmest month (TWM), soil texture and slope. These predictors were chosen, as they are important for species composition and occurrence in dry environments and were the least correlated in the correlation matrixes.
Data analyses
Generalized additive models (GAMs) were used to quantify the relationship between α-and β-diversity with latitude. β-diversity was related to latitude using GAMs with the midpoint between each pair of plots taken as the geographic location of the β-diversity value. We decided to use GAMs because they have several desirable features that allow one to understand how fine variations in β-diversity would change in relation to space. GAMs are semiparametric modeling methods that allow determination of the shape of the response curves, and are not constrained by an underlying assumption of linearity such as generalized linear models (GLM) (Guisan et al. 2002) .
To measure α-diversity, we used the exponential Shannon index (Jost 2007) :
where S is the total number of species in a community and Pi is the proportion of individuals of the species i. The Sørensen index was used to measure β-diversity or species turnover (Condit et al. 2002) . The Sørensen index is
where S12 is the number of species common to both transects and Si is the total found at site i. We built a data set comprising plant abundances and occurrence data for the 313 species recorded within our 63 transects. Each occupancy record within each plot was accompanied by climatic, topographic and disturbance data. Canonical correspondence analysis (CCA) was used to establish the importance of environmental drivers for species composition. Abundance data for trees and shrubs and coverage data for herbs were used for this analysis. The least correlated environmental variables were chosen. We used a generalized linear mixed model (GLMM) framework with cross-classified random effects (Baayen et al. 2008; Bolker et al. 2009; Quené and Van den Bergh 2008) , where presence and absence was the response and species and site were included as random effects. Using both site and species as random effects, rather than fixed effect, allowed us to make general statements about how changes in environmental variation might impact the average species for the average site (Cowlishaw et al. 2009; Kaiser-Bunbury et al. 2011) . The fixed effects included two climatic variables, the disturbance index and slope. We used the following climatic predictor variables as fixed effects: PWQ, Bio18, PDQ, TWM, slope and disturbance. Transects and species were included as random effects. To aid interpretability and numerical stability in our models, we centered all the predictors to the mean. The models were evaluated using the Akaike information criterion (AIC). Models were run separately for trees, herbs and shrubs. Northern, central and southern limits were identified by plotting the maximum versus the minimum latitude of all plant collections from Ecuadorian DIAVs registered in the herbaria at the Catholic University of Ecuador (unpublished data) and the University of Aarhus (www.aubot.dk), and by taking the approximate latitudinal threshold between species clusters revealed in the figure, i.e. 0.7°S limits the north and central and 2°S limits the central and south (supplementary Fig. S1 ). All analyses were performed using the R programming environment (R Core Team 2014) . The GAMs models were fitted using the 'mgcv' package (Wood 2011) . For the CCA analysis, we used the 'vegan' package (Oksanen et al. 2013) . The GLMMs were fitted using 'lme4' package (Bates et al. 2014) .
RESULTS
What differences exist between endemic and non-endemic species in terms of species number, frequency and abundance?
A total of 313 species of vascular plants (113 herbs, 138 shrubs, 62 trees) were recorded in the 63 transects studied along a ~600 km (1°N-5°S) of DIAVs in Ecuador. Thirty-three species (10.5%) were endemic to Ecuador including 17 shrubs, 13 herbs and 3 trees (Fig. 2) . The 30 most frequent species occurred in 3-76% of the 63 plots, whereas the density of the 30 most abundant species of shrubs and trees varied in the range of 3-384 individuals/ha (Table 1; Fig. 2) . The most abundant species of trees and shrubs were not always the most frequent. A great proportion of tree and herb species were rare in the sampled area, whereas shrubs showed a larger number Distribution patterns: C = central, N = north, NC = north central, S = south, D = disjunct, W = wide distribution. Soil type: C = clay, L = lime, S = sand of abundant species (Fig. 2) . All the most abundant and frequent trees and herbs were non-endemic, but the shrubs included four abundant endemic species, among which Croton menthodorus was very frequent (Table 1 ; Fig. 2 ).
Are patterns of α-and β-diversity correlated with latitude?
Seven patterns of latitudinal distribution were identified. The largest proportions of species were widespread, either found across the southern valleys or disjunctly distributed with occurrences in both southern and northern valleys, but absent in central areas (Fig. 3) . Most tree and shrub species were found in the southern DIAVs, whereas herbs tended to be widespread or disjunct (Fig. 3) . Among the disjunct species, there were also trees, such as V. macracantha, which was the most abundant and frequent tree in our data set (Table 1) , but absent between 0.5°S and 3°S. It is a common species in dry forest types throughout South America. α-diversity differed between life forms and showed latitudinal variation. Trees were 30% more species rich in southern than in northern DIAVs and their diversity steadily decreased from south to north. Shrubs had a peak of diversity around 3°S and decreased >62% to the north and south. Herbs were most diverse between 0° and 3°S, and showed a decrease both towards the south and the north amounting to 42% and 47%, respectively (Fig. 4) .
β-diversity of trees, measured as the fraction of shared species as a function of latitude, showed that valleys located either to the north or to the south shared the highest proportion of species (up to 32% and 38%, respectively). In contrast, central valleys (around 2°S) shared only up to 5% of their species. Shrubs and herbs had higher similarities in northern valleys; shrubs similarity increased steadily from south to north (12-18%), whereas herbs varied along the latitudinal gradient with a peak of 22% at 0.5°S (Fig. 4) .
Another way to look at changes in β-diversity is plotting the proportion of shared species as a function of distance.
Over all transects and life forms, the fraction of species shared was <42% (Fig. 5 ). Shrubs and herbs shared ~22% of species for any pair of transects located <15 km away, and the proportion of species shared decreased steadily with distance. Herbs generally shared less species than shrubs, particularly in transects pairs located >200 km apart (Fig. 6) . Trees had the largest proportion of shared species in transects pair located <160 km and >320 km apart, but transects showed a surprisingly low species similarity (~10%) between 180 and 280 km, which was lower than shrubs and herbs (Fig. 5) .
What are the major environmental drivers controlling spatial patterns in species composition and occurrence?
Environmental variables explained between 14% (trees) and 16% (shrubs) of species composition (Table 2, supplementary Tables S1 and S2 ). The CCA plot revealed the correlation between species composition in the 63 transects and a particular driver ( Fig. 6 ; Table 2 ). Occurence of endemic tree species such as Oreopanax rosei, that are commonly found in montane rain forests, is correlated with slope and clay soils where water is more easily stored ( Fig. 6 ; Table 2 and supplementary Table  S2 ). Similar patterns were found for shrubs such as Vernonia arborescens strongly related with TWM and clay soils, common as well in humid environments ( Fig. 6; supplementary Table  S2 ). The occurrence of the invasive herb species Kalanchoe daigremontiana is correlated with disturbance, especially in northern valleys where it is becoming abundant in disturbed places (Quintana 2010) . Slope, disturbance and temperature of the warmest month were common drivers for all life forms ( Fig. 6 ; supplementary Table S2 ). Species composition of shrubs was correlated with Bio18, while PWQ, influenced species composition of trees and herbs. The CCA analyses conducted for groups of transects at different latitudinal ranges revealed differences in the importance of environmental drivers from north to south (Fig. 6 ). Species composition in northern valleys was determined mainly by disturbance, whereas in southern valleys it was associated with slope and TWM (Fig. 6) . Sandy soils and disturbance were correlated with trees and shrubs species composition, while trees species composition was correlated with clay soils and slope. With formal inferences the top-ranking GLMM (Table 3) showed that shrub occurrence was mostly correlated with water stress factors (Bio 18) and low levels of disturbance, while herbs and trees were correlated with higher values of precipitation (Table 3) . Species occurrence in herbs and trees was correlated with slope and precipitation, PWQ in trees and PDQ in herbs (Table 3) . Negative values of TWM and disturbance were the main determinants of species occurrence across the three life forms (Table 3) .
DISCUSSION
What differences exist between endemic and non-endemic species in terms of species number, frequency and abundance?
Overall species richness including all 63 transects was rather low compared to humid tropical biomes (62 tree, 113 herb and 138 shrub species), which is, however, a typical pattern for dry tropical forests found in 1 ha of rainforest in Amazonian Ecuador (Balslev et al. 1998) . A similar number of woody species (184) were recorded in the lowland Tumbesian dry forests of Peru and Ecuador, but the proportion of endemic woody species in our study was only 5-12%, compared to 30% in the Tumbesian forest. Elsewhere, high endemism of woody species is well documented in tropical dry forests (Linares-Palomino et al. 2011; Pennington et al. 2010; Särkinen et al. 2012) . The lower number of endemic species in our study may reflect anthropogenic disturbance found at high elevations, particularly in northern Ecuadorian DIAVs. Remnants of almost intact lowland dry forests are found in the southern part of our study area, and they tend to be larger and relatively better preserved than the higher elevation dry inter-Andean forests (Cabrera 2002 ). In accordance with previous studies Lozano et al. 2003; Valencia et al. 2000) , our results show that southern DIAVs harbor more endemic species than those in the north.
Shrubs comprise the largest number of widespread and endemic species, a result overlooked in most other studies that lump together shrubs and trees as one life form as 'woody plants' Lewis et al. 2006; LinaresPalomino et al. 2011; Oliveira-Filho et al. 2006; Pennington and Ratter 2006; Pennington et al. 2006a) . Shrubs may have a competitive advantage in the open canopy and space left by selective logging in DIAVs. The high endemism of shrubs is striking. We recorded twice as many endemic shrubs as endemic trees and 25% more endemic shrubs than endemic herbs. Furthermore, the endemic shrubs stand out as being locally abundant. One possible reason for such abundance of the endemic shrubs may be the way humans use dry forests which includes constant cutting of trees, but less destructive use of shrubs and herbs Sánchez-Azofeifa et al. 2005) . For instance, 80% of the tree species recorded in our study area were exploited in a destructive way for charcoal or timber (de la Torre et al. 2008) . In contrast, only 33% of the shrub species were used in a similarly destructive way. Cattle grazing and charcoal production are widespread practices in DIAVs and both affect all life forms (Quintana 2010) . Charcoal production was outlawed in Ecuador and is now controlled by environmental authorities. However, decades of destructive activities had already driven tree species, both endemic and non-endemic, to the edge of local extinction Valencia et al. 2000) . Interestingly, some species have become common in such fragmented and disturbed areas, particularly species of Croton and the common tree V. macracantha.
The genus Croton includes most species of locally abundant shrubs. Members of this genus are apparently resilient to forest clearing and they persist in dry forest communities thanks to efficient reproduction by seeds and/or shoots from roots or stems (Lieberman and Li 1992) . The success of the endemic Croton species in DIAVs is possibly due to high tolerance to dry environments, made possible by the absorption of atmospheric water through trichome-like emergences (Vitarelli et al. 2015) , chemical defenses, mutualistic interactions with ants (Ganeshaiah and Shaanker 1988) and birds (Pizo and Vieira 2004) as well as short generation times which allows for seeds production throughout the year (Riina, personal communication). All these adaptations may contribute to make Croton a very successful endemic shrub in terms of species and individuals that can thrive in DIAVs ( Fig. 2; Table 1 ). Ecological drift to higher abundance may occur in plant communities in mountains where a dissected topography (Pennington et al. 2010) and low mortality of drought-adapted resident plants results in the saturation of the shrub plant community (Hubbell 2001) . In such environments, establishment of migrant seeds is limited. Shrubs may also become more abundant because they are released from the competitive pressure from trees. Even the endemic species, C. menthodorus and C. wagneri, which are widespread all over DIAVs, constitutes an exception from the general rule that endemics tend to be restricted to narrow geographical ranges. Both species are endemic to Ecuador although further exploration may reveal that they are distributed across the border into northern Peru.
Are patterns of α-and β-diversity correlated with latitude?
Species restricted by edaphic conditions are mainly found in the southern part of the study area (Table 1) . Geological patterns, such as the different ages of volcanism in northern and southern Ecuador and the fact that northern rocks are andesitic and dacitic while southern rocks are composed of rhyolitic elements (Hall 1977; Hall and Calle 1982; Hall and Wood 1985) , have undoubtedly shaped the distribution patterns of individual species. Even though we did not test for the influence of chemical soil properties in this study, this may well constitute an important explanatory variable. The lower elevation of southern valleys and the fact that the Huancabamba deflection is acting as a bridge for species migration (east-west) and a barrier for a north-south migration may also influence endemism in southern areas (Lunde and Pacheco 2003; Richter et al. 2009; Weigend Figure 6 : ordination biplots depicting the first two axes of the CCA of the species assemblages. Continuous environmental variables are described by arrows, whereas factorial variables are described by symbols (see below). Sample scores are indicated by circles and species scores are indicated by grey + symbols. Sandy soils = filled circle, clay soils = filled triangle, lime soils = filled square. (n = 63 plots) as explained by the full set of environmental-related, slope, temperature, precipitation, soil texture and disturbance index. The total amount of variation explained, expressed in terms of total inertia and % of variance explained for all canonical axes, are given. (Borchsenius 1997; Valencia et al. 2000) . The larger patches of forested area in the southern DIAVs (Cabrera 2002 ) are characterized by having higher tree species richness. This is in contrast to the higher species richness of herbs and shrubs in central and northern Ecuador, which is probably due to absence of large canopy trees and more open vegetation, which favors presence of herbs and shrubs. The higher number of endemic species concentrated in southern DIAVs (4 herbs, 13 shrubs and 2 trees) contribute to the higher values of α-and β-diversity in these areas, a finding that is in accordance with Borchsenius (1997) and Valencia (2000) . An analysis of β-diversity of woody plants for DIAVs located in Peru revealed a very low Sørensen similarity index of 0.14 (Linares-Palomino 2006). This corresponds more or less to the Sørensen similarity of 0.26 that we calculated between the tree flora in our sampling sites, which were situated up to almost 600 km apart. In general, the similarity between Ecuadorian DIAVs sites is low (<20%), which reflects that few species are shared even over small distances, and that individual sites have many unique species (Fig. 5) . In the central valleys, a low β-diversity of trees combined with high similarity indices (Fig. 4) reflects the dominance of narrowly distributed species. In contrast, widespread species tend to dominate in the northern and southern valleys. For instance, 10% and 4% of the plots in the north and the south are composed by a single species, V. macracantha.
What are the major environmental drivers controlling spatial patterns in species composition and occurrence?
The most important environmental drivers showed that lower values of Bio18 and thereby water stress are significant for occurrence and species composition of shrubs ( Fig. 6; Table 3 ). In another study carried out in the Tumbesian forest in the coastal lowlands of southern Ecuador, species composition was partially determined by water availability (Espinosa et al. 2011) . Our results corroborate the water stress hypothesis that predicts that competitive interactions vary inversely across abiotic stress gradients (Bertness and Callaway 1994; Maestre et al. 2009 ). As a consequence, species and sometimes genera that are well adapted to drought tend to dominate the DIAVs. This applies particularly to species of Croton, Kalanchoe fedtschenkoi and V. macracantha (Table 1) . The lowest values of maximum temperature during the warmest month were important drivers of species composition and occurrence across all life forms. This may be a result of the physiological limits of plant communities growing under dry conditions. Although plants in dry areas have different adaptations to survive dry and hot conditions (De La Barrera and Smith 2009), dry forest plants exist within certain limits of drought and temperature. Our study shows that endemism and species richness are higher in southern valleys, where disturbance was lower than in northern valleys ( Fig. 6; Table 3 ), probably due to the presence of clay and lime soils in southern valleys that are not as suitable for agriculture as sandy soils in northern valleys (Table 1) . Herbs and trees were the most susceptible to disturbance (Table 3) , possibly because grazing intensity directly reduces the number of seedlings (Espinosa et al. 2011) . DIAVs species composition could be influenced by neutral processes such as species saturation in the case of shrubs, limiting immigration of species. Deterministic processes related to the control imposed by variables such as water stress, temperature, slope and disturbance will influence species occurrence in DIAVs.
CONCLUSIONS
Globally, high-altitude habitats have a high biodiversity value, but some areas are under considerable threat from a range of factors, including increasing disturbance (Bradley et al. 2006) and climate change (Ramirez-Villegas et al. 2014) . In Ecuador, endemic species of dry inter-Andean valleys are among the most threatened by anthropogenic disturbance. Because of their small distribution ranges, endemic species are in extinction risk (Valencia et al. 2000) and highland plants seem to be particularly exposed to the negative effects of climate change in tropical Andean mountains (Ramirez-Villegas et al. 2014) . Throughout the country, dry forests have become a threatened and patchy ecosystem (Aguirre-Mendoza and Kvist 2005; Cabrera 2002) , where species are isolated and have little opportunities to migrate to suitable areas. A conservation priority in Ecuador should therefore be the creation of protected areas that include significant remnants of DIAVs and the recovery of the most disturbed and patchy vegetation, particularly in northern valleys. If degradation continues, considerable losses in biodiversity, including some of the oldest lineages typical of these forests (Särkinen et al. 2012 ) and ecosystem services, will occur.
We have shown that studies that exclude herbs and that combine shrubs and trees as 'woody plants' may be misleading, because these life forms show completely different diversity patterns. To our knowledge, this is one of the first studies that take into account species diversity and composition of these three life forms in DIAVs. Our findings reveal clearly dissimilar ecological patterns among them. 
SUPPLEMENTARY MATERIAL
